Performance of a Conical 
Inductive Pulsed Plasma Thruster 
at Multiple Cone Angles 


Ashley K. Hallock 

Pi YETISPACE 


Kurt A. Polzin 
Adam C. Kimberlin 
NASA MSFC . . 


Outline of Talk 

•T Inductive Pulsed Plasma Thrusters 



Outline of Talk 

% Inductive Pulsed Plasma Thrusters 
^ Operation 



Outline of Talk 

7T Inductive Pulsed Plasma Thrusters 
* Operation 

•<*' What is the optimum coil geometry? 



Outline of Talk 

7T Inductive Pulsed Plasma Thrusters 
^ Operation 

•<*' What is the optimum coil geometry? 
Model • . . 



^ 5^1 


Outline of Talk 

%■. Inductive Pulsed Plasma Thrusters 
^ Operation 

•<*' What is the optimum coil geometry? 

Model • . . 

Experiment 



^ 


Outline of Talk 

%■. Inductive Pulsed Plasma Thrusters 
^ Operation 

•<*' What is the optimum coil geometry? 

Model • . . 

Experiment 
Experimental Results 



^ 


Outline of Talk 

%■. Inductive Pulsed Plasma Thrusters 
^ Operation 

•<*' What is the optimum coil geometry? 

Model • . . 

Experiment 

Experimental Results 
Impulse Measurements 



^ 


Outline of Talk 

%■. Inductive Pulsed Plasma Thrusters 
^ Operation 

•<*' What is the optimum coil geometry? 

Model • . . 

Experiment 

Experimental Results 
•*' Impulse Measurements 

Time-integrated Photographs 



^ 


Outline of Talk 

Inductive Pulsed Plasma Thrusters 
^ Operation 

•<*' What is the optimum coil geometry? 

Model • . . 

Experiment 

Experimental Results 
Impulse Measurements 
Time-integrated Photographs 

% Discussion of Experimental Results 



^ ; ^p- ^!jp 


Outline of Talk 

Inductive Pulsed Plasma Thrusters 
^ Operation 

•<*' What is the optimum coil geometry? 

Model • . . 

Experiment 

Experimental Results 
Impulse Measurements 
Time-integrated Photographs 

Discussion of Experimental Results 
Conclusions. 



Inductive Pulsed Plasma Thrusters 








Inductive Pulsed Plasma Thruster Operation 



Capacitors Inductive 


Idealized thruster operation 


Ionization & Acceleratio 

♦ ♦ * ♦ 


Propellant Nozzle Propellant Injection 







Capacitors Inductive 


Question: What is the Optimum Coil Geometry? 


Ionization & Acceleratio 

♦ ♦ ♦ ♦ 


a k *T f 

<«lfcf I |n < 
I _ :- f Cu 


Coil ( 
Current 


Propellant Nozzle Propellant Injection 





Ionization & Acceleratioi 


Capacitors Inductive 


Propellant Nozzle Propellant Injection 


Question: What is the Optimum Coil Geometry? 





Ionization & Acceleratioi 


Capacitors Inductive 


Propellant N ozzle 


Propellant Injection 


Question: What is the Optimum Coil Geometry? 




Circuit Model of Inductive Pulsed Plasma 
Acceleration 





Circuit Model of Inductive Pulsed Plasma 
Acceleration 


R, L o Switch 





t-u 


Switch — M 


L r - M 




Circuit Model of Inductive Pulsed Plasma 
Acceleration 



in Switch 




Circuit Model of Inductive Pulsed Plasma 
Acceleration 



in Switch 




Radial Motion Accelerates Decoupling and 
Decreases Energy Transferred 
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Conical Inductive Coil for Increased Propellant 
Utilization Efficiency 
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Experimental Results: Impulse Measurements 
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Operation at 5 Hz: Thrust Measurements 
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Video of 5 Hz operation with 38° on argon 
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Conclusions 

-it Electromagnetic acceleration and propellant 

• utilization may be competing processes 

■ it Thruster with 38° half cone angle produced the 
highest impulse overall' ’ ' . 

. 'it Gas dynamics may have same or .'higher influence on 

• performance as electrodynamics 

it As of now only electromagnetics are quantified 

. it.. Next step could be quantifying gasdynamics and 
optimizing propellant injection 
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